ABSTRACT
Introduction
The majority of the seed proteins are stored in the starchy endosperm in the form of prolamins, which are unique to cereal grains, and account for over half of the total seed nitrogen. The wheat prolamins are divided on the basis of function into two groups, the glutenins and gliadins, which together confer the propertiers of elasticity/strenght/ and extensibility (viscosity).
The prolamins of wheat are highly polymorphic polypeptide mixtures including more than 50 components with Mr values ranging from 30.000 to 90.000 (20) . The gliadins are monomeric molecules (30 -75 kDa) divided into several classes (α-, γ-and ω-gliadins). In contrast, the glutenins form large polymeric structures as a result of intermolecular disulfide bonds. The glutenins are divided into a low -molecular -weight (LMW = B subunits -66-33kDa and C subunits -20 -5 kDA ) and high -molecular -weight (HMW = A subunits 100 -140kDa). The HMW glutenins, which represent approximately 0.5% of the total seed dry weight, have been studied extensively because of their effect on elasticity and hence the breadmaking quality of wheat dough. Extensive genetic and molecular analyses of wheat prolamin have established the chromosomal positions of the prolamin genes (20) . The HMW genes (Glu-1) are located on the long arme of the homologous chromosomes 1A, 1B and 1D in the hexaploid wheat and 1A and 1B in tetraploid wheats respectively. Two Glu 1A and Glu 1B loci are represented by 12 and 15 alleles. Each Glu 1 locus has 2 closely related genes wich are most often marked as a x and ytype subunits, based on their electrophoretic mobility and isoelectric points. The HMW 1Bx, 1Dx and 1Dy are present in all cultivars, 1By and 1Ax, are present in some cultivars, but no cultivars contain 1Ay, because the gene is always silent. Similarly, the tetraploid durum wheats with the A and B genomes contain four HMW genes, of which no more than three are active. Results reported so far have shown that the non-expression of the 1Ay gene can be caused by nucleotide changes in the pro-motor region (3, 4) or by the presence of a transposon-like insertion in the encoding region (9) . Flavell et al.(3) established in Glu -1y allel of 6x-wheats an insertion of 8 kb., called WIS-2, belonging to transposon elements type "retrosposon".
About 80 percent of the durum lines do not have HMW-glutenin subunit encoded by Glu-A1 locus (2) . Due to lack of Glu-A1 locus specific HMW-glutenin subunits and absence of D genome, bread making quality of T. durum has been found to be very poor. Diploid and tetraploid wild progenitors of wheat, however, have been found to contain both Ax and Ay subunits coded by Glu-A1. (28) . The Glu-A1 locus is less polymorphic than the Glu-B1 and Glu-D1 loci. Glu-A1x locus is characterized by three main alleles, namely a, b and c (17) . The alleles a and b code for glutenin subunits 1 and 2*, respectively while c is a null allele (26) . In addition to three major alleles at Glu-A1x locus, SDS-PAGE analysis of primitive cultivars and races of durum and bread wheats have revealed a few additional allelic variants at this locus (26, 13) . All of the new allelic variants have electrophoretic mobility similar to subunits 2* and 1 except the subunit 2.1* (25), which has much reduced mobility. Based on worldwide observations relating to the corelation between HMW-patterns and wheat quality, Payne (20) proposed the use of the "Glu-1 quality score" to predict the baking quality of wheat varieties. According to Payne et al. (16), Branlard and Dardevet (1), subunits 1 and 2* at the Glu-A1 locus make similar contributions to good quality. Also a rye -adjusted Glu-1 quality score has been calculated for cultivars containing the 1B/1R rye translocation.
Genes encoding LMW (Gli -1), γ-and ω-gliadins are grouped at loci on the short arms of chromosomes 1A, 1B and 1D. The genes for α-gliadins (Gli-2) are found on the short arms of chromosomes 6A, 6B and 6D and respectively 1A, 1B and 6A and 6B of tetraploid wheats (27) . The genes controlling of the B-subunits of glutenin, the major group of LMW glutenins, have been mapped on the short arm of chromosome 1A and 1B. (20) . The close relationship between LMW glutenin and gliadin genes in durum wheats has been object of several studies. Firstly the B-LMW subunits coded by genes at the Glu-3 loci have been linked only with ω and γ-gliadins coded at the Gli-1 loci on the short arm of chromosomes 1A and 1B. (20, 22) . Subsequently, improved prolamin extraction (24) and the evidence obtained for the presence of aditional loci coding these glutenins, led to identification of Glu-B2 (11) located between Glu-B1 and Gli-B1 loci in chromosome 1BS tighly linked to the Gli-B3 locus. Nieto-Taladriz et al., (15) identified eight allelic variants in Glu-A3, nine at Glu-B3 and two at Glu-B2 loci. Several other loci controling minor gliadin and glutenin components have also been detected on chromosome arm 1BS as a Gli-B5 (12) and Glu-4 (11).
Materials and Methods
In the present study were used two tetraploid species -T. durum Desf.,№233 and T. durum №788 and their sphaerococcum mutant forms, № 45, 46, 48, 49 and H1, H2, and H3 which were obtained after EMS treatment (7) . Two 6x-ploid convarieties of T. aestivum-Kavkaz and its mutant form K2, obtained after EMS treatment (8) also were analysed. The 6x representatives of T. aestivum-Kavkaz and K2 represented translocation lines. In this lines the short arms of chromosome 1B is replaced with the short arm of 1RS of rye. Furthermore we are interested to learn the effect of the replaced chromosome arms at the LMW glutenin subunits.
The extraction of proteins was carried out in accordance with Galli and Feldman (5) . The relative mobilities of the subunits were obtained by SDS-PAGE according to Laemmli (10) . Low molecular weight standard proteins (97.000, 66.000, 43.000, 
Results and Discussion
SDS-PAGE electrophoretic pattern of endosperm proteins (HMW and LMW-glutenins) of T. durum Desf., №233, №788, T. aestivum and their mutant forms are shown in Figure and Table. On the basis of the different mobility and corresponding banding patterns /presence or absence/, we designated the allelic variation of durum wheat and their mutant forms. As it can be seen in Figure and Table, the banding patterns of each of the mutant forms were different.
Certain differences were observed in the protein subunits of the control forms № 233 and №788. In the mutant forms N46, 48, 49, H3 and durum control form N233, the most frequent HMW glutenin subunit was allele b/band 2*/ of Glu-A1 locus, which correspond to the allele 2* of Payn and Lawrence (17) . In addition to this allele mutant form type sphaerococcum №45 showed much more allelic variation at the Glu-A1 locus than the other mutant forms, two subunits/alleles/ a and b (bands 1+2) have revealed Figure. Subunit 1 at the Glu-A1 locus, which is related to the good quality of bread wheat /21/, was the unique observed only in mutant form №45.This mutant form was quite distinctive from control form T. durum Desf. 233. These data draw our attention to study in details the other protein components which are relation with breadmaking quality of wheat. Among the subunits encoded by the Glu-B1 The electrophoretic analysis of the sphaerococcum mutant forms allowed us to identified 6 allelic variants at Glu-B1 loci. The most variabl mutant form were H3 /6+15+18/, 48/6+14+15/ and 49/6+7+14+15+17/. In the course of the analysis Glu-B1 locus showed much more allelic variation than Glu-A1. The results show that the glutenin contents of the sphaerococcum mutant forms are not homogeneous. This supports our early suggestion Georgiev (7, 8) that these mutant forms are genetically heterogeneous.
Haighly significant variability were exhibited among the mutant forms at LMW glutenins. Four allelic variants were observed at the Glu-B3 and Glu-A3 loci in H1 (2+4+14+15) and /5+6+8+11/ and four in H3 (5+6+8+11). Mutant form №49, showed the most polymorphic variability as well as to the HMW and LMW proteins with three allelic variation at the Glu-B3 /4+8+13+14/ one at Glu-A3 locus /6+/ and one subunit at Glu-B2 /12/. Five new subunits, named 6, 7, 14, 15 and 17 were identified in mutant forms of T. durum N233 and three in T. durum N788. These results agree with Galterio et al. (1994) that observed some subunits attributable to novel alleles at the Glu-B1 locus. The presence of the glutenine subunits 17 and 18 in mutant forms N49 and H3 is of particular interest since they are uncommon in durum wheat commercial accessions (21) .
Cultivars with 1BL/1RS expressed some shortcomings, which in general relate to the failure of some parameters in their technological quality (23) . In such a way one of the goals of this paper was to study the influence of mentioned translocation on low and high molecular storage proteins -glutenins. As can be seen in Figure, in the two translocation lines was observed three and four HMW protein subunits. One new allelic pattern of the HMW proteins at GluD1locus (subunit 2) present in mutant form K2 and missing in Kavkaz. The LMW proteins showed allelic variants only at the Glu-D3 locus /6+8/. The new allele (subunit 9) is present in covariates Kavkaz and missing in K2. The presence of 1B/1RS probably influenced the decrease of some technological quality, but it was also followed by increase the content of total protein. The protein content of K2 ranged from 15.9 to 21.1% against 13.4 to 18.5% of the control form. Our data are in agreement with these of Milovanovic et al. (14) .
Conclusions
Though a low number of tetraploid mutant forms have been screened in this study, some interesting conclusions can be drawn. Sphaerococcum mutant forms №49 of T. durum 233, and Н3 of T. durum 788 have a higher polymorphism than another mutan forms relatively to HMW and LMW glutenins. Consequently, sphaerococcum mutant forms, can be considered a richer source of genome diversity for breeders. Comparing the extent of subunit variation patterns relative to each chromosome /1A, 1B/ the hihgest polymorphic is the chromosome 1B for all mutant forms. Comparatively little variability was revealed for protein subunits of below 30.000 MW, while the high MW region and the medium, showed the greatest protein subunit variability. Finally much more information is required to better understand the relationships between the glutenins/HMW and LMW/ variation and the technological performance of these mutant forms.
